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(57) This invention relates to a reinforced closed- 
section structural-member structure making use of a 
heat-foamable filling reinforcement. The structure has 
been formed by connecting plural closed-section struc- 
tural members (11-15) together. These closed-section 
structural members (11-15) are internally filled with a 
heat-foamed filling reinforcement (1) which comprises 
an epoxy resin material, a synthetic rubber material and 
a thermoplastic resin material as components. 
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Description 

TECHNICAL FIELD 

This invention relates to a heat-foamable filling rein- 
forcement and also to a reinforced closed-section struc- 
tural-member structure making use of the same. 

BACKGROUND ART 

Foamed materials are now used in pillars, roof 
header panels and the like of vehicle bodies, centering 
around high-grade vehicles, with a view to achieving 
improvements in noise insulation and improvements in 
energy absorption characteristics. It is FIG. 21 that illus- 
trates sites with a foamed material applied therein. As is 
shown in FIG. 21 , an foamed material 1 00 is filled in pil- 
lars (front pillars 1 1 , center pillars 1 2 and rear pillars 1 3) 
of a vehicle body 10. 

For the foamed material 100, a formed sheet mate- 
rial of a synthetic rubber such as a 8R rubber (butadi- 
ene-base rubber) or an SBR rubber (styrene-butadiene- 
base rubber) or polyethylene or a polyurethane-base 
liquid material is used. Their characteristics are shown 
in FIG. 22. In essence, a formed sheet material is easy 
in application work and compared with a liquid material, 
is also advantageous in total cost. 

However, the use of the conventional foamed mate- 
rial 100 made of such a synthetic rubber or urethane- 
base material (whose expansion ratio ranges from 200 
to 2,000 percent) in pillars, a roof header panel and the 
like is accompanied by the problem that no contribution 
is made to improvements in their structural strength and 
rigidity, because the objective of its use is to improve the 
noise insulation and the energy absorption characteris- 
tics. 

Incidentally, a closed-section structure is often used 
in connecting members of a vehicle so that rigidification 
of a foamed material, if feasible, is expected to improve 
the rigidity of such connecting members and/or to 
achieve their integration. However, the conventional 
foamed material 100 does not have a rigidity-improving 
function because its primary objective is to improve 
noise insulation or energy absorption as described 
above. 

With the foregoing problem in view, the present 
invention has as its object the provision of a heat-foam- 
ble filling reinforcement of such a light weight and low 
price as not available to date and also of a reinforced 
closed-section structural-member structure making use 
of the heat-foamable filling reinforcement. 

Disclosure of the Invention 

A heat-foamable filling reinforcement according to 
the present invention is characterized in that said heat- 
foamable filling reinforcement comprises at least an 
epoxy resin material, a synthetic rubber materia! and a 
thermoplastic resin material as components, and said 



epoxy resin material amounts to 30-45 wt.%, said syn- 
thetic rubber material amounts to 5-15 wt.% and said 
thermoplastic resin material amounts to 5-15 wt.%, with 
the total of the weight percentages of the individual 

5 components being in a range not exceeding 100 wt.%. 
Owing to these characteristic features, the heat-foama- 
ble filling reinforcement according to the present inven- 
tion bring about substantial improvements in flexural 
rigidity and twisting rigidity and also an improvement in 

10 energy absorption characteristics. 

Preferably, the heat-foamable filling reinforcement 
further comprises a filler as a component, and the filler 
amounts to 40-50 wt.% with the total of the weight per- 
centages of the individual components including the 

15 filter being in a range not exceeding 100 wt.%. These 
features can reduce the cost. 

Further, a reinforced closed-section structural- 
member structure according to the present invention, 
said structure making use of a heat-foamable filling rein- 

20 forcement and being formed of plural closed-section 
structural members connected together, is character- 
ized in that the closed-section structural members are 
internally filled with a heat-foamable filling reinforce- 
ment which comprises an epoxy resin material, a syn- 

25 thetic rubber material and a thermoplastic resin material 
as components. These features can bring about 
improved rigidity, thereby making it possible to achieve a 
weight reduction through a reduction in the thickness of 
panels and also to attain obviation of reinforcing compo- 

30 nents such as a bulkhead. As a result, it is possible to 
meritoriously achieve a weight reduction as much as 
several kilograms per vehicle while sufficiently maintain- 
ing the noise insulation at the conventional level. 

In the above-described structure, the heat-foama- 

35 ble filling reinforcement may also contain a filler as a 
component or calcium carbonate as a component. This 
feature makes it possible to prevent runs (sags) of the 
heat-foamable filling reinforcement upon heat-ing. 
The heat-foamable filling reinforcement, which 

40 comprises the epoxy resin material, the synthetic rubber 
material and the thermoplastic resin material as the 
components, may be partially filled in or adjacent to 
connected parts of the closed-section structural mem- 
bers. This feature can contribute to a further improve- 

45 ment in rigidity and also to a further reduction in weight 
over the conventional heat-foamable filling reinforce- 
ments. 

Further, the epoxy resin material amounts to 30-45 
wt.% and is in the form of a foamed material, the syn- 

50 thetic rubber material amounts to 5-15 wt.%, and the 
thermoplastic resin material amounts to 5-15 wt.%. 
According to this composition, the content of the syn- 
thetic rubber material is as low as about 1/2 of the con- 
ventional content, whereby a plasticizer is no longer 

55 needed and a high expansion ratio and high rigidity can 
be achieved. 

For the heat-foamed filling reinforcement, it is pre- 
ferred to use a foamable material whose expansion ratio 
ranges from 200 to 500 percent after heating and cur- 
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ing. This makes it possible to fill the heat-foamable filling 
reinforcement at a higher efficiency in the closed-sec- 
tion structural members. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows sites to which the present invention is 
applied; 

FIG. 2 shows a site to which the present invention is 
applied; 

FIG. 3 illustrates working steps of an foamable 

material in the form of a sheet; 

FIG. 4 illustrates use of a pre-formed reinforcement 

according to the present invention; 

FIG. 5 depicts expansion ratios as a function of 

baking, foaming and curing conditions; 

FIG. 6 depicts an appropriate range of baking, 

foaming and curing conditions; 

FIG. 7(a) and FIG. 7(b) both illustrate the manner of 

handling of a clip insertion hole; 

FIG. 8 illustrates use of straight frame specimens; 

FIG. 9 shows the results of a f lexural rigidity test; 

FIG. 10 shows load-displacement characteristics in 

a compression test; 

FIG. 1 1 depicts the specification of a specimen and 
test conditions; 

FIG. 12 depicts rigidities measured on real compo- 
nents; 

FIG. 13 illustrates the results of a static loading test 
of a center pillar; 

FIG. 14 illustrates the results of a noise insulation 
test; 

FIG. 15 shows components of a heat-foamable fill- 
ing reinforcement according to the present inven- 
tion and objectives of their addition; 
FIG. 16 shows variations in principal physical prop- 
erties depending on the composition; 
FIG. 17 also shows variations in principal physical 
properties depending on the composition; 
FIG. 18 also shows variations in principal physical 
properties depending on the composition; 
FIG. 19 compares a heat-foamable filling reinforce- 
ment according to the present invention in physical 
properties with a foamed material of the prior art; 
FIG. 20 compares the heat-foamable filling rein- 
forcement according to the present invention in 
work characteristics with the the foamed material of 
the prior art; 

FIG. 21 shows sites to which a conventional prod- 
uct is applied; and 

FIG. 22 shows characteristics of formed sheets 
materials of a synthetic rubber, such as BR rubber 
or SBR rubber, or of polyethylene and a poly- 
urethane-base liquid material, all, as conventional 
foamable materials. 

BEST MODE FOR CARRYING OUT THE INVENTION 

With reference to the drawings, a description will 



hereinafter be made about a heat-foamable filling rein- 
forcement according to one embodiment of the present 
invention and a reinforced closed-section structural- 
member structure making use of the heat-foamable f ill- 

5 ing reinforcement. 

First, characteristics and physical properties of the 
heat-foamable filling reinforcement according to the 
present invention will be described. 

Upon development of the heat-foamable filling rein- 

w forcement (which may hereinafter be called "the devel- 
oped material"), an investigation was conducted with a 
target placed in obtaining one permitting similar han- 
dling as foamable materials employed to date and as a 
light-weight and low-cost material, enabling to achieve 

is an overall cost merit, to say nothing of a reduction in the 
weight of a real car. Although epoxy resins, poly- 
urethanes, acrylic resins and the like were studied, a 
principal component of the material was limited to epoxy 
resins for their highest possibility of most closely 

20 approaching the above target. 

On the premise that the heat-foamable filing rein- 
forcement would be used in a weld assembling step 
(see the steps in FIG. 3) of a vehicle component, a 
formed sheet was chosen as the form of the material. 

25 According to the steps of FIG. 3, a component 20 is first 
pressed in a pressing step, a heat-foamable filling rein- 
forcement 1 in the form of a sheet is bonded on the 
pressed component 21 , and the pressed components 
21,22 are welded together. The thus-welded compo- 

30 nents are then processed through a degreasing and 
washing step, and an electrodeposhion step and foam- 
ing is completed in a baking step. 

The heat-foamable filling reinforcement 1 in the 
form of the sheet is bonded on the pressed component 

35 21 as described above. With a view to achieving 
improvements in initial adhesion and rustproof ing prop- 
erties, the heat-foamable filling reinforcement 1 was fur- 
nished as a double layer type which was composed of a 
pre-formed reinforcement a, and an adhesive layer b. 

40 Incidentally, in FIG. 4, c designates a release paper. 

A description will next be made of features devised 
in composition, which have realized the high expansion 
ratio and high rigidity as great merits of the heat-foama- 
ble filling reinforcement 1. 

45 The viscosity of an epoxy resin is readily affected by 
the temperature. In a high temperature range (160- 
200°C) as in a vehicle paint baking oven, the resin vis- 
cosity becomes excessively low so that the resin cannot 
hold decomposition gas of a foaming agent and can 

so hardly achieve a high expansion ratio. With such a prob- 
lem in background, a great deal of a synthetic rubber 
(BR, SBR or the like) has been incorporated to hold gas 
and a plasticizer has also been added to enhance the 
compatibility of the synthetic rubber. It has hence been 

55 difficult to obtain a high-rigidity body of a high expansion 
ratio from such a composition. 

However, in attempts to increase the melt viscosity 
of a material and hence to improve the gas-holding abil- 
ity at the time of baking and curing, attention was paid to 
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improve the compatibility between an epoxy resin and a 
synthetic rubber without adding a plasticizer. Thus, 
using as a base an epoxy resin on which a synthetic 
rubber had already been polymerized, a rubber of the 
same type was incorporated as a post additive, followed 
by further incorporation of a resin-base elastomer (ther- 
moplastic resin material). Namely, the heat-foamable 
filling reinforcement 1 comprises at least an epoxy resin 
material, a synthetic rubber material and a thermoplas- 
tic resin material as components, and more specifically, 
it comprises 30-45 wt.% of the epoxy resin material, 5- 
15 wt.% of the synthetic rubber material, 5-15 wt.% of 
the thermoplastic resin material and further, 40-50 wt.% 
of a filler. As the heat-fbamable filling reinforcement 1 , 
an foamable material capable of achieving an expan- 
sion ratio of 200-500 percent after hearing and curing 
can be used. Further, one capable of providing com- 
pression strength as high as 10 kg/cm 2 or more can be 
used. 

Here, the components of the heat-foamable filling 
reinforcement 1 and objectives of their addition are 
shown in FIG. 15. 

As will also appreciated from FIG. 15, the epoxy 
resin material is added to impart high rigidity, high dura- 
bility and high adhesion, the synthetic rubber material is 
added to impart formability, and the thermoplastic resin 
material is added to regulate the melt viscosity. Further, 
the foaming agent is added to achieve expansion or 
foaming, the curing agent and the curing accelerator are 
added to crosslink the epoxy resin material, carbon 
black is added to achieve reinforcement and coloring, 
and the filter is added to impart shape retention. 

On the other hand, the proportions of the epoxy 
resin material, the synthetic rubber material, the ther- 
moplastic resin material and the like are determined as 
will be described next. 

First, concerning the epoxy resin material, its low 
proportion leads to inferior rigidity, durability and adhe- 
sion. At least 25 wt.% is therefore needed. Its high pro- 
portion, on the other hand, leads to a problem in cost, 
so that the upper limit is set at 40 wt.% or so. 

With respect to the synthetic rubber material, its low 
proportion poses a problem in formability so that at least 
5 wt.% is needed. Its high proportion, on the other hand, 
leads to a higher hardness, so that the upper limit is set 
at 15 wt.% or so. 

Regarding the thermoplastic resin material, its pro- 
portion is set in a range of 5-15 wt.% from the viewpoint 
of regulation of the melt viscosity. 

The synthetic rubber and the thermoplastic resin, 
which are essential elements of the present invention, 
will next be described further. 

A description will first be made of the synthetic rub- 
ber. 

Despite the form of the epoxy resin at room temper- 
ature (liquid to solid), it takes the form of a liquid having 
a low viscosity at high temperatures of 160-250°C so 
that it cannot hold decomposition gas of the foaming 
agent, thereby making it impossible to obtain a product 
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of a high expansion ratio. Further, if the viscosity under- 
goes considerable variations depending on the temper- 
ature at the time of processing, inconvenience arises in 
compatibility upon mixing, in extrudability upon forming, 
5 etc. 

To overcome these problems, the present invention 
makes use of the synthetic rubber which has good com- 
patibility with the epoxy resin. Usable examples of the 
synthetic rubber include NBR, carboxylated NBR, epoxy 

10 NR, epichlorohydrin rubber, modified NBR, and the like. 
When such a rubber is blended with the epoxy 
resin, viscosity is produced at a high-temperature time, 
thereby promoting the growth of films by foaming, 
enhancing the holding of foaming gas and hence mak- 

15 ing it possible to obtain a body of a high-expansion ratio. 
In addition, the temperature-dependent viscosity 
variations are reduced, thereby improving the processa- 
bility. Owing to the combination of this fact and the 
improved viscosity at room temperature, good bonding 

20 on a pressed component is always assured irrespective 
of the season. 

To bring about these advantageous effects, the syn- 
thetic rubber is added in a proportion of 5-15 wt.% as 
described above. To achieve optimal expansion or 

25 foaming, however, 5-10 wt.% is desired. Incidentally, 
addition in a large proportion leads to a loss in reinforc- 
ing ability. 

A description will next be made about the thermo- 
plastic resin. 

30 Namely, the thermoplastic resin is used to prevent 
runs (sags) under heat in an ED drying oven when the 
heat-foamable filling reinforcement (developed material) 
1 is used in a vertical portion. Usable examples of the 
thermoplastic resin include polyvinyl butyral, styrene, 

35 modified styrene products, acrylic acid, modified acrylic 
products, polyamides and the like. Organic bentonrte, 
colloidal silica or the like has conventionally be used. 
Use of these conventional materials results in a low vis- 
cosity and easy escape of at a high-temperature time, 

40 thereby failing to obtain a product of a high expansion 
ratio. 

To overcome these problems, the present invention 
makes use of the thermoplastic resin so that at high 
temperatures, viscosity can be produced to such a level 

45 as eliminating runs or sags. 

For this viscosity adjustment, the thermoplastic 
resin is generally added in a proportion of 5-15 wt.% 
although the proportion varies depending on the molec- 
ular weight and melting point of the resin. The optimal 

so proportion ranges from 5 to 10 wt.%. An unduly large 
proportion leads to deteriorations in reinforcing ability 
and the fixedness on a greased surface. 

Fibers (glass, pulp, or asbestos) or fine particulate 
calcium carbonate is used for the prevention of runs. 

55 Since the content of the synthetic rubber in the 
heat-foamable filling reinforcement 1 has been reduced 
to about 1/2 of the conventional content as described 
above, a plasticizer has become no longer necessary 
so that a high expansion ratio and high rigidity have 
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been achieved. 

Some examples will next be described together 
with comparative examples. They can be summarized 
as shown in FIG. 16 to FIG. 18. 

In these figures, Comparative Example 1 s 
employed, as a synthetic rubber material, SBR-1502 
which does not have compatibility. The material there- 
fore did not develop viscosity, had high fixedness on a 
greased surface, was putty and was not foamed. Com- 
parative Example 2 employed organic bentonite for the 10 
prevention of sags, which adversely affected the foam- 
ing. In Comparative Example 3, the content of the syn- 
thetic rubber was increased so that the viscosity at high 
temperatures became higher, the expansion ratio was 
low, the resulting sheet was hard and the adhesion was is 
lowered. In Comparative Example 4, the content of the 
thermoplastic resin material was increased so that like 
Comparative Example 3, the expansion ratio was low- 
ered, the resulting sheet was hard and the adhesion 
was lowered. In Comparative Example 5, the content of 20 
the thermoplastic resin material was lowered, resulting 
in greater sags. In Comparative Example 6, the content 
of the synthetic rubber was lowered so that the expan- 
sion ratio became lower and the resulting sheet was not 
satisfactory in properties. 25 

Incidentally, the term "developed material" as used 
in FIG. 18 means the heat-foamable filling reinforce- 
ment 1. 

This developed material has also been found to 
achieve prevention of sags upon foaming and curing 30 
and also a uniform expansion ratio owing to its adjusted 
melt viscosity (see FIG. 5). 

As a further characteristic feature, it is also men- 
tioned that in addition to a high expansion ratio, the con- 
tent of the filler (calcium carbonate or the like) has been 35 
increased close to 50% (by weight) based on the whole 
material to provide the material as an economical mate- 
rial. 

Further, the developed material (the heat-foamable 
filing reinforcement according to the present invention) 40 
1 is compared in physical properties with a foamed . 
material of the prior art in FIG. 19. 

A description will next be made about work charac- 
teristics of the developed material (the heat-foamable 
filing reinforcement according to the present invention) 45 
1. 

First, the developed material is used in a weld 
assembling step of a component (see FIG. 3) so that it 
is necessary to confirm its compatibility with working 
steps such as its greased surface adhesion, its vertical so 
baking applicability and its influence to a painting step. 
Its foaming and curing properties are also important 
because electrodeposrtion coating formulations of low- 
temperature and short-time curing type are adopted 
recently and paint baking ovens have become lower in ss 
temperature and shorter in processing time. 

It is however understood that the developed mate- 
rial 1 can meet a wide range of baking conditions from a 
low-temperature range to a high-temperature range 
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owing to the adoption of a low-temperature reactive cur- 
ing agent and a low-temperature decomposable foam- 
ing agent (see FIG. 6). 

Further, front pillars and center pillars of a vehicle 
body, to which the heat-foamable filling reinforcement 1 
according to the present invention is applied, are pro- 
vided with many clip insertion holes for fixing trims, 
weather strip rubbers and the like. If the heat-foamable 
filling reinforcement 1 is applied as is, these holes are 
blocked and due to its high hardness, clips can no 
longer be inserted there. To avoid this problem, the 
heat-foamable filling reinforcement has a mufti-layer 
sheet structure so that it is partly formed of a soft syn- 
thetic-rubber-base layer (soft layer of foamed material) 
32 at a location corresponding to a clip insertion hole 31 
as shown in FIG. 7(a). Owing to the provision of the soft 
layer of foamed material, a clip 33 can be easily inserted 
without lowering the rigidity of the resulting heat-foamed 
filing reinforcement as shown in FIG. 7(b). In FIG. 7(a) 
and FIG. 7(b), numeral 34 indicates an outboard pillar 
panel while numeral 35 designates an inboard pillar 
panel. 

Other work characteristics are substantially the 
same as those of the current foamable material and 
involve no particular problems. The comparison results 
are shown in FIG. 20. 

A further description will now be made about its 
application to a closed-section structural member. 

First of all, quality confirmation making use of a 
straight frame will be described. 

(1) Testing method 

Used as a specimen was a specimen 41 which had 
been obtained by bonding a heat-foamable filling rein- 
forcement (which may be called a "foamable material") 
on an inner wall of a hat-shaped frame, superposing an 
associated frame on the former frame, spot-welding the 
frames together, and then subjecting them to baking 
under predetermined conditions to cause foaming and 
curing of the formed sheet (see FIG. 8). Fixing plates 
are then welded to opposite ends of the specimen 41 to 
facilitate mounting of the specimen on a testing 
machine. Using such specimens, a bending test, a 
twisting test and a compression test were conducted. 

(2) Test results 

Die frames with the foamable material 1 according 
to the present invention filled therein were improved in 
all the properties and exhibited flexural rigidity higher by 
as much as 15% (see FIG. 9) and twisting rigidity higher 
by as much as about 20%, both compared with the 
specimens without the foamable material. The filling of 
the foamable material 1 has therefore demonstrated to 
bring about sufficient advantageous effects. 

Further, as is illustrated in FIG. 10, the average 
breaking resistance has also been found to increase by 
as much as about 50% in the compression test. In addi- 
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tion, with respect to the efficiency of energy absorption, 
better results were also obtained than those obtained 
from the specimen with the conventional foamable 
material. 

Quality confirmation making use of a real compo- 
nent will next be described. 

Using a connecting component between a roof rail 
and a center pillar of a vehicle, the possibility of a reduc- 
tion in the thickness of a panel, a filling range of the 
foamable material and the rigidity were confirmed. 
Specifications of specimens and test conditions are 
shown in FIG. 1 1 . The f lexural rigidity and twisting rigid- 
ity were evaluated. As shown in FIG. 12, the results 
were expressed in terms of percent improvements over 
those of specimens of the current plate thickness which 
were not filled with any foamed material. 

Described specifically, the thickness-reduced spec- 
imens were improved by as much as 3.0 times in twist- 
ing rigidity and by as much as 3.7 times in flexural 
rigidity (forward direction). In particular, the flexural 
rigidity in the inboard direction was improved by as 
much as about 8 times. Substantial advantages are 
therefore brought about by filling the foam. This can be 
considered to be attributable to effects of the thickness 
that the cross-sectional shape was convex in an out- 
board direction in both the roof rail and the center pillar. 
Further, the percent improvement of the rigidity of the 
partially-filled specimen was not substantially smaller 
than that of the full-surface filled specimen, thereby 
demonstrating a small contribution of the filling range of 
the foamable material. This indicates that a partially- 
filled component can exhibit sufficient effects. Accord- 
ingly, partial filling results in smaller increases in cost 
and weight and is considered to be an advantageous 
condition for practical adoption. 

A further description will now be made about quality 
confirmation on real vehicles. 

By applying the heat-foamable filling reinforce- 
ments 1 according to the present invention to various 
sites of the vehicle 10 constructed by connecting plural 
closed-section structural members such as the pillars 
11-13, roof rails 1 4 and side sills 15 as illustrated in FIG. 
1 and FIG. 2, a variety of confirmation tests were con- 
ducted to determine optimal effects. Specifically, the 
heat-foamable filling reinforcements 1 were applied in 
the connecting portion between the center pillar 12 and 
the roof rail 14 and also in the front pillar 11. Namely, in 
a vehicle structure constructed by connecting the plural 
closed-section structural members 11-15, the heat- 
foamable filling reinforcements 1 which contains the 
epoxy resin material, the synthetic rubber material and 
the thermoplastic resin material as components are 
filled partially in the connecting portion between the 
closed-section structural members and also adjacent to 
the connecting portion, specifically, in a portion adjacent 
to the connecting portion, for example, within 300 mm 
from the connecting portion, respectively. 

A rigidity test was conducted while applying a load 
to a point A at a right angle in an inboard direction in 



FIG. 1 . A noise insulation test was conducted by meas- 
uring a noise level at a point B by a microphone in FIG. 
2. 

First, as a result of an inboard, static load bending 

5 test of the center pillar 12, a rigidity improvement by as 
much as about 1 4% was observed over the center pillar 
not filled with the foamable material. A rise in load on a 
load-displacement curve was steep, that is, the dis- 
placement at the time of the peal load was as much as 

10 about 7 mm, thereby demonstrating that the foamable 
material is also expected to bring about an improvement 
in energy absorption (see FIG. 13). 

Concerning the noise insulation, on the other hand, 
the internal noise of the front pillar during 1 00 km/hr run- 

15 ning was reduced by 7 to 8 dB on average in a fre- 
quency range of 250 Hz and higher, thereby 
demonstrating sufficient effects (see FIG. 14). 

Incidentally, those which were referred to above 
with numeral 1 in the above Examples (the foamable 

20 materials, developed materials and the like) all indicate 
heat-foamable or heat-foamed filling reinforcements 
according to the present invention. 

Accordingly, the following matters can be men- 
tioned. 

25 In each Example, the rigidity of the closed-section 
structure was successfully improved owing to the use of 
the heat-foamable filling reinforcement 1. This makes it 
possible to achieve a weight reduction through a reduc- 
tion in the thickness of the panel and also to obviate a 

30 reinforcement part such as a bulk-head. As a conse- 
quence, the prescribed effect can be obtained (a weight 
reduction as much as several kilograms per vehicle) 
while sufficiently assuring the conventional noise insula- 
tion. 

35 Needless to say, the heat-foamable filling reinforce- 
ment 1 which contains the epoxy resin material, the syn- 
thetic rubber material and the thermoplastic resin 
material as components can be filled over a substantial 
portion (including the whole portion) of the interior of 

40 each closed-section structural member such as a pillar. 

CAPABILITY OF EXPLOITATION IN INDUSTRY 

According to the present invention, substantial 
45 improvements can be achieved in flexural rigidity and 
twisting rigidity and also improvements in energy 
absorption characteristics. This invention is therefore 
suited for use in reinforced closed-section structural- 
member structures of a vehicle such as an automobile. 

50 

Claims 

1 . A heat-foamable filling reinforcement characterized 
in that said heat-foamable filling reinforcement 
55 comprises at least an epoxy resin material, a syn- 
thetic rubber material and a thermoplastic resin 
material as components, and said epoxy resin 
material amounts to 30-45 wt.%, said synthetic rub- 
ber material amounts to 5-15 wt.% and said ther- 
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moplastic resin material amounts to 5-1 5 wt.%, with 
the total of the weight percentages of the individual 
components being in a range not exceeding 100 
wt.%. 

5 

2. A heat-foamable filling reinforcement according to 
claim 1, wherein said heat-foamable filling rein- 
forcement (1) comprises a filler as a component, 
and said filler amounts to 40-50 wt.% with the total 

of the weight percentages of the individual compo- io 
nents including said filler being in a range not 
exceeding 100 wt.%. 

3. A reinforced closed-section structural-member 
structure making use of a heat-foamable filling rein- 15 
forcement and formed of plural closed-section 
structural members (11-15) connected together, 
characterized in that said closed-section structural 
members (11-15) are internally filled with a heat- 
foamed filling reinforcement (1 ) which comprises an 20 
epoxy resin material, a synthetic rubber material 
and a thermoplastic resin material as components. 



(1) has been formed using a foamable material 
whose expansion ratio ranges from 200 to 500 per- 
cent after heating and curing. 



4. A reinforced closed-section structural-member 
structure according to claim 3, wherein said heat- 25 
foamed filling reinforcement (1) comprises a filler as 

a component. 

5. A reinforced closed-section structural-member 
structure according to claim 4, wherein said heat- 30 
foamed filling reinforcement (1) comprises calcium 
carbonate as a component 



6. A reinforced closed-section structural-member 
structure according to claim 3, wherein said heat- 35 
foamed filling reinforcement (1), which comprises 
said epoxy resin material, said synthetic rubber 
material and said thermoplastic resin material as 
said components, is partially filled in or adjacent to 
connected parts of said closed-section structural 40 
members (11-15). 

7. A reinforced closed-section structural-member 
structure according to claim 3, wherein said epoxy 
resin material amounts to 30-45 wt.% and is in the 45 
form of a foamed material, said synthetic rubber 
material amounts to 5-15 wt.%, and said thermo- 
plastic resin material amounts to 5-15 wt.%. 

8. A reinforced closed-section structural-member so 
structure according to claim 6, wherein said epoxy 
resin material amounts to 30-45 wt.% and is in the 
form of a foamed material, said synthetic rubber 
material amounts to 5-15 wt.%, and said thermo- 
plastic resin material amounts to 5-1 5 wt.%. ss 

9. A reinforced closed-section structural -member 
structure according to any one of claims 3, 6, 7 and 
8, wherein said heat-foamed filling reinforcement 
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FIG. I 





SITES WITH FOAMED MATERIAL 
APPLIED THEREIN 
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FIG. 4 



PRE - FOAMED 
REINFORCEMENT LAYER a 
. (THICKNESS : OPTIONAL) 

^L-ADHESIVE LAYER b 
( 0.3 —0.5mm ) 



T 



RELEASE PAPER c 



FIG. 5 




_J I I I 1 I 1 

I60 I80 200 220 

BAKING TEMPERATURE (°C> x 20min (HELD) 



11 



EP 0 775 721 A1 




(Do) 3dniVa3dW31 9NIWB 



12 



EP 0 775 721 A1 



O 
Z 

cr 
u 





13 



EP 0 775 721 A1 




EP 0 775 721 A1 




15 



EP 0 775 721 A1 




EP 0 775 721 A1 



co 
z 
o 



o 
u 



CO 
Ul 




o 
z 

-J 



< 

2 




CCUJX 
(LOTh- 



lO o oo 
co <n ocn 

dd <^d 



UJ 

o 

2. 

li.ll. 




zo 

CO 

ceo 



o o oo 

I s - O CSJO 



UJ 

z 

2 



< CD OO 



Ui 

o 
z 

— p 111 



E 
E 

(0 
CO 
UJ 



17 



EP 0 775 721 A1 



z 

UJ 



111 

£ 

ZD 
CO 



3 

CO K 

*2 



Ui 



♦Z3< 
wiuo2 

uj£eq:H 

yd 2 

horo: 




o 



CO 



>-o 

— UJ 
o £ 



31 



9t 



occr 
=) < 
xo 

UJ CD 



CD <D 



CM 



lN3W3A0Hdm 
AllQlOld lN30H3d 



18 



EP 0 775 721 A1 



FIG. 13 




VEHICLE WITH FOAMED MATERIAL 



VEHICLE WITHOUT FOAMED MATERIAL 



10 20 30 40 50 60 
DISPLACEMENT (mm) 
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FIG. 15 



Components of Developed Material 
and Objectives of Their Addition 



Material 


Weight 
percentage 
(wt.%) 


Objective 
of 

addition 


Epoxy resin 


35 


High rigidity, 
high durability, 
high adhesion 


Synthetic rubber 


8 


Formabil ity 


Thermoplastic 
elastomer 


6 


Adjustment of 
melt viscosity 


Foaming agent 


2 


Foaming 


Curing agent, 
curing accelerator 


3 


Crosslinking of 
epoxy resin 


Carbon black 


2 


Reinforcement 
Coloring 


Filler 


44 


Shape retention 


Total 


100 
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Compositions and Principal Physical Properties 





Ex. 1 


Ex. 2 


Comp. 

py T 


Comp. 


Epoxy resin (wt.%) 


35 


35 


35 


35 


Modified NBR (wt.%) 


8 


10 




8 


SBR-1502 (wt.%) 






8 




Modified styrene (wt.%) 


7 


6 


7 




Organic bentonite 

(wt.%) 








7 


Foaming agent (wt.%) 


2 


2 


2 


2 


Curing agent (wt.%) 


3 


3 


3 


3 


Calcium carbonate 

(wt.%) 


45 


44 


45 


45 












Expansion ratio (%) 


350 


330 


100 


150 


Sags (mm) 


15 


15 


15 


20 


Greased surface 
adhesion 


A 


A 


C 


A 



A: good, C: unacceptably poor. 
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FIG. 17 



Compositions and Principal Physical Properties 





Comp. 
Ex. 3 


Comp. 
Ex. 4 


Comp. 
EX • D 


Comp. 

EX • Q 


Epoxy resin (wt.%) 


35 


35 


35 


35 


Modified NBR (wt.%) 


25 


8 


8 


2 


SBR-1502 (wt.%) 










Modified styrene (wt.%) 


7 


20 


2 


7 


Organic bentonite 

(wt.%) 










Foaming agent (wt.%) 


2 


2 


2 


2 


Curing agent (wt.%) 


3 


3 


3 


3 


Calcium carbonate 

(wt.%) 


25 


32 


50 


50 












Expansion ratio (%) 


200 


270 


360 


250 


Sags (mm) 


25 


10 


65 


25 


Greased surface 
adhesion 


B 


C 


A 


A 



A: good, B: somewhat inferior, C: unacceptably poor. 
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FIG. 18 



Compositions and Principal Physical Properties 



T" — r>r^_ Materials 
Components 

& Physical propertieS""^-^^^ 


Developed 
Material 


Comp. 
Material 


Comp. 
Material 




Rubber-modified epoxy resin 


35 


30 


35 




Plasticizer 


0 


3 


5 


C 
n 


High-compatibility rubber 


8 






DSiti< 


General-purpose synthetic 
rubber 




16 


15 


omp< 


Thermoplastic elastomer 


7 


7 


2 


u 


Filler 


45 


40 


35 




Others 


5 


4 


8 




Expansion ratio (%) 


280 


100 


250 


* 

Oi 


Modulus of flexural fMDa) 
elasticity ■ F 


550 


100 


80 


cu 


Saggs (mm) 


15 


15 


60 



* PPP: Principal Physical Properties 
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FIG. 19 



Principal Physical Properties of Developed Material 









Results 




Tested properties 


Developed 

fla tct la J. 


Current expand- 
able filling 
material 


fore 
ring 


Specific 2Q . C 


Before baking 


1.21 


1.10 


gravity 


After baking 


0.40 


0. 13 


CQU 


Ash content % 


180° x 20 min 


22,8 


16. 1 


ties 

f 


Water ^ 
absorption 


20 # C H 2 0 

x 24 hr 


3.0 


5.7 


proper 
curing 


Post-water- 
absorption % 
restorability 


20*C H 2 0 

x 48 hr 


2.7 


1.3 


sical 
after 


Flexural MD _ 
strength 


Under 20 *C 
atmosphere 


1.7 


- 


>k 
a 


Compression 
strength MPa 


Under 20*C 
atmosphere 


1.3 


- 




Adhesive Mpa 
strength 


Under 20'C 
atmosphere 


2.7 


0.03 


Physical properties 
of adhesion 




20' x 3 hr 


3 






After 
80* x 336 hr 


6 




Impact 
resistance 
(times) 


After 50°, 
95% x 336 hr 


13 




After 
5 heat cycles 


6 






After 40 *C 
H 2 0 x 336 hr 


20 






Corrosion 
resistance 


After 48 dry/ 
wet cycles 


No 
rusting 


No rusting 
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FIG. 21 




SITES WITH FOAMED MATERIAL 
Y///7A APPLIED THEREIN 
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